Objectives: It has often been reported that cognitive training has limited transfer effects. The present study addresses training context variability as a factor that could increase transfer effects, as well as the manifestation through time of transfer effects. Method: Fifty-eight older adults were assigned to an active placebo or two dual-task training conditions, one in which the training context varies between sessions (heterogeneous training) and the other in a fixed training context (homogeneous training). Transfer was assessed with near and far-modality transfer tasks. Results: Results show that heterogeneous and homogeneous training led to larger near-modality transfer effects than an active placebo (computer lessons). Transfer effects were roughly comparable in both training groups, but heterogeneous training led to a steeper improvement of the dual-task coordination learning curve within training sessions. Also, results indicated that dual-task cost did not improve in the active placebo group from the pre-to the post-training sessions. Discussion: Heterogeneous training showed modest advantages over homogeneous training. Results also suggest that transfer effects on dual-task cost induced by training take place early on in the post-training session. These findings provide valuable insights on benefits arising from variability in the training protocol for maximizing transfer effects.
The effectiveness of cognitive training to improve attention and memory in older adults has been extensively investigated in recent years. Several studies claim that transfer effects are limited to the training context as, often, no benefits are observed on tasks even highly similar to the trained task (Boot, Kramer, Simons, Fabiani, & Gratton, 2008; Green & Bavelier, 2008; Melby-Lervag & Hulme, 2013) . Still, it has been suggested that transfer effects might be enhanced if the training taps into executive control processes instead of focusing on basic processing commodities or specific strategies (Lustig, Shah, Seidler, & Reuter-Lorenz, 2009; Noack, Lovden, Schmiedek, & Lindenberger, 2009 ).
Indeed, most notable transfer effects in younger and older adults have been observed after executive function trainings such as switching training (Green, Sugarman, Medford, Klobusicky, & Daphne, 2012; Karbach & Kray, 2009; Karbach, Mang, & Kray, 2010; , updating training (Jaeggi, Buschkuehl, Jonides, & Perrig, 2008; Klingberg, Forssberg, & Westerberg, 2002 ; S. C. Li et al., 2008; Salminen, Frensch, Strobach, & Schubert, 2015; Westerberg & Klingberg, 2007) , and divided attention training (Bherer et al., 2005 (Bherer et al., , 2008 Kramer, Larish, & Strayer, 1995; Kramer, Larish, Weber, & Bardell, 1999 ; K. Z. Li et al., 2010; Lussier, Gagnon, & Bherer, 2012; Strobach, Frensch, Soutschek, & Schubert, 2012) . Along with memory difficulties, the decline in executive functions in normal aging is associated with a reduced capacity to accomplish everyday life activities and with an increased risk of falling, especially in multitasking situations (Bell-McGinty, Podell, Franzen, Baird, & Williams, 2002; Cahn-Weiner, Ready, & Malloy, 2003; Farias, Mungas, Reed, Harvey, & DeCarli, 2009; Fraser & Bherer, 2013; Johnson, Lui, & Yaffe, 2007; Pereira, Yassuda, Oliveira, & Forlenza, 2008) . It is thus paramount that cognitive training to increase executive control leads to broad transfer effects, and more attention should be directed toward optimization and better understanding of transfer effects following cognitive training.
The ability to perform multiple tasks at the same time is a common situation that relies on executive control. It is widely observed that performing two tasks simultaneously leads to dual-task costs (DTCs; i.e., the difference in speed or accuracy between dual-task and single-task conditions (Pashler, 1994) ).
However, despite processing limitations of the cognitive system (like widespread slowing, see Craik & Salthouse, 2000) , older adults don't show internal control deficits according to Lien, Ruthruff, and Kuhns (2008) and thus seem to have spared task coordination skills. In fact, it has been demonstrated on several occasions that, under extensive dual-task training, younger and older adults can improve their performances in dual-task conditions (Bherer et al., 2005 (Bherer et al., , 2008 Kramer et al., 1995; Liepelt, Strobach, Frensch, & Schubert, 2011; Maquestiaux, Hartley, & Bertsch, 2004) . Moreover, new studies have shown that single-task training alone does not lead to the same improvement as dual-task training (Strobach, Frensch, Soutschek, et al., 2012) . Still, it is difficult to determine to what extent task coordination skills are task specific. Strobach, Frensch, Muller, and Schubert (2015) have shown that dual-task coordination acquisition is at least partially property independent of the trained task in the context of near transfer tasks. Indeed, several studies have demonstrated that task coordination training can lead to improvement in novel contexts (Bherer et al., 2005 (Bherer et al., , 2008 Kramer et al., 1995; Kramer et al., 1999 ; K. Z. Li et al., 2010; Liepelt et al., 2011; Lussier et al., 2012; Strobach, Frensch, Soutschek, et al., 2012) . However, observed transfer effects are sometimes partial or limited (Strobach, Frensch, Soutschek, et al., 2012) and appear more likely to occur when the transfer and the training conditions involve similar stimuli and/or task response components (Lussier et al., 2012) .
It could also be argued that broad transfer in dual-task training could be limited by an overlearning of the training task that hampers optimization of task coordination skills. As such, training programs involving various tasks would lead to larger recruitment of coordination skills and avoid task-specific skill learning. Concordantly, it has been suggested that variations in learning experience might lead to a more flexible learning that is less dependent on the training context (Green & Bavelier, 2008) . Similar to how a pianist does not get better by practicing the same piece repeatedly, Geusgens, Winkens, van Heugten, Jolles, and van den Heuvel (2007) recommended that the connection between what is learned and the context in which it is learned should be broken down by practicing a skill in as many different situations as possible. It is also believed that individuals tend to focus more on the details that are specific to the context of the task than on abstract relations underlying the task, which could explain limited transfer effects to real-life situations (Detterman & Sternberg, 1993; Veillard & Coppé, 2009) . If individuals are encouraged to perform similar tasks in different ways, they might be able to extract more abstract learning from their experiences (Balwin, 1992; Schmidt & Bjork, 1992) . The end benefits should be that transfer would be more likely to occur, as training gains are less bound to the training context. However, a potential drawback of training on several heterogeneous tasks is that variability in learning experience will result in less extensive learning during the acquisition phase (Green & Bavelier, 2008) , perhaps limiting transfer. Training programs involving various tasks would therefore require being longer than a fixed context training, or else skill acquisition might be compromised. These remain open issues, as variation of training context during cognitive training has not been extensively examined.
Some studies have investigated the effect of variability in attentional priority in the context of dual-task training. These studies have shown that training in which participants had to vary the amount of attention distributed to each task was more effective in both younger and older adults (i.e., greater or faster improvement during training and sometimes larger transfer effects) than training in which participants always gave equal priority to both tasks (Bier, de Boysson, & Belleville, 2014; Kramer et al., 1995; Kramer et al., 1999; Lee et al., 2012; Silsupadol et al., 2009 ). According to Cassavaugh and Kramer (2009) , training individuals to successfully shift priorities among tasks help them to emphasize the relationships between different task components, which is a crucial attention control skill when performing several tasks. It could also be argued however, that the variable priority training increases the heterogeneity of the training context which would explain its advantage over fixed priority training. Heterogeneity in the context of dual-task training has never been examined in older and younger adults.
Studying heterogeneity in training context could also help explained discrepant results in dual-task training studies with older and younger adults. In fact, using homogeneous context (using same tasks repeatedly) some studies report larger training effects in younger adults (Maquestiaux et al., 2004) , larger in older adults (Bherer et al., 2005; Kramer et al., 1995; Lussier et al., 2012) , or equivalent in both age groups (Allen, Lien, Ruthruff, & Voss, 2014; Allen, Ruthruff, Elicker, & Lien, 2009) . In a recent review, Maquestiaux (2015) concluded that eliminating dual-task interference (using the psychological refractory period paradigm) between novel tasks seems nearly impossible for older adults, while it is observed in younger adults. This suggests fundamental age-related differences in the ability to perform concurrent tasks, which would prevent older adults from reaching the same performance as younger adults, despite extensive training. Surprisingly though, studies looking at transfer effects have not reported age-related disadvantage in older adults in the extent of transfer effects after dual-task training (Bherer et al., 2005 (Bherer et al., , 2008 Kramer et al., 1995; Lussier et al., 2012) .
The present study aimed to assess the potential benefits of context heterogeneity in dual-task training on transfer effects in older adults by comparing a dual-task training in which context varies throughout sessions (referred to here as heterogeneous training), to a dual-task training with a fixed training context (i.e., homogeneous training). We hypothesized that heterogeneous training would lead to a more abstract or context-free learning, allowing for larger transfer effects. In order to ensure that each dualtask condition recruited the same cognitive skills that subserve the ability to multitask, only the nature of stimuli changed for each dual-task condition. The homogeneous training involved training on only one dual-task condition, as typically used in previous studies in the field, whereas the heterogeneous training involved training on three different dual-task conditions over the course of the training program. Given the changing nature of the dual-task conditions, the training program was longer than in previous studies using a similar dual-task training paradigm (Bherer et al., 2005 (Bherer et al., , 2006 (Bherer et al., , 2008 Lussier et al., 2012) and thus the present study also brings additional inputs on the effects of extended training. It was expected that heterogeneous training, through variations of the task combinations, would lead to an improvement that is less bound to the modality of the stimulus-response mapping, leading to larger transfer effects than homogeneous training.
The present study also investigated whether transfer effects take time to appear or occur early when a novel situation is encountered. This issue has never been addressed in the context of computerized cognitive training. On one hand, one might think that transfer effects would take time to manifest and therefore only be observable after an extended delay following training. Daley (2001) mentions that incorporating new knowledge is a recursive transforming process rather than a simple straightforward transfer. Hence, after a strategy training, prolonged exposure to a novel context is required, as trainees need to assess the situation and to consciously recognize how previous learning can benefit the task at hand (Geusgens et al., 2007; Rebok, Carlson, & Langbaum, 2007) . On the other hand, one might argue that transfer effects following process training would not need prolonged exposure to be effective. Indeed, process training is generally based on several sessions of practice with feedback and partially involves implicit learning.
Results observed with Alzheimer disease patients support this view as it has been showed that complex visuomotor skills learning can generalize to new situations, suggesting transfer effects to new situation despite episodic memory impairment (Rouleau, Salmon, & Vrbancic, 2002) . Hence, it is plausible that process training, such as dual-task training, would lead to transfer effects rapidly manifesting in new contexts because the newly acquired skill is accessible and does not need to be consciously accessed. To assess when transfer takes place as participants are exposed to novel dual-task conditions, the present study also examined transfer effects occurring within post-training evaluations.
Method Participants
Fifty-eight community dwellers aged 60 years and older were recruited from newspaper ads, the laboratory website, flyers, as well as from the study research center's participants' pool. Exclusion criteria were history of neurological condition, a major surgery or general anesthesia in the last 6 months, use of medication known to affect cognition (i.e., antidepressant or anxiolytic), progressive neurological diseases, being a regular smoker, very limited mobility, or severe perceptual deficits. Participants selected for the pretraining evaluation were screened for cognitive impairment (excluded if < 24 on the Mini-Mental State Examination [Folstein, Folstein, & McHugh, 1975] ) or depression (excluded if > 20 on the 30-item Geriatric Depression Scale [Yesavage, 1988] ). Participants received financial compensation (10 CAD/hour for a total of 90 CAD). The study was approved by the Ethics Review Board of the geriatric institution where the study took place, and all participants provided written informed consent.
Participants' assignment proceeded by wave randomization. When a group of 4-10 eligible participants were recruited, they were randomly assigned to the cognitive training group or to the active placebo group according to a block randomization plan generated via a website (www. randomization.com). The type of training (homogeneous vs heterogeneous) was the same for all participants of a given wave in order to avoid compromising participants' blindness to the existence of another training protocol.
Of the participants who completed the study, 31 were assigned to the active placebo group and 27 to the cognitive training group. Then, the cognitive training group was divided in two subgroups (13 to homogeneous and 14 to heterogeneous training). Table 1 presents participants' characteristics. Analyses of variance (ANOVAs) were performed on demographic and neuropsychological data to ensure the three groups were comparable on age, gender, number of years of education, depression scale, and cognitive abilities prior to training. The neuropsychological assessment involved tests targeting general verbal abilities (Similarities, WAIS-III), processing speed (Digit Symbol, WAIS-III; X-O comparison), episodic memory (Rey Auditory Verbal Learning Test), and executive functions (Baddeley dual-task [Della Sala, Baddeley, Papagno, & Spinnler, 1995] 
Apparatus
Participants performed the dual-task paradigm in a dedicated computer room using a PC Pentium 4 with a 19″ flat screen in a cubicle. The dual-task paradigm involved performing two discrimination tasks alone or concurrently. For each condition, task instructions appeared on the screen prior to each novel task step. Participants initiated each block by pressing the spacebar, and in each trial the stimuli remained on the screen until participants responded, after which the subsequent trial appeared after a short variable interval of 850 to 2,850 ms. Visual stimuli appeared in white on the middle of a black screen at a viewing distance of approximately 45 cm. At this distance, stimuli subtended a vertical and a horizontal visual angle of 3.17°. The stimuli remained on the screen until the participant provided a response. Participants were asked to respond as quickly and as accurately as possible. Participants responded using a standard QWERTY keyboard with their index, middle, and ring fingers using their left or right hand depending on the task. For each task, a legend was provided on the left and right buttons on the screen as a reminder of stimuluskey association. Accuracy feedback was provided. When a wrong answer was produced, participants heard a buzzer sound and the legend associated with the erroneous answer appeared in red at the bottom of the screen.
The dual-task paradigm was composed of three different trial types: In single-pure (SP) trials, participants responded to one stimulus of a single task set (e.g., discriminating shapes); in single-mixed (SM) trials, participants responded to a single stimulus of either task set (e.g., sometimes discriminating shapes, sometimes numbers); in dual-mixed (DM) trials, participants responded to two simultaneous stimuli, one of each task set (e.g., discriminating numbers and squares concurrently). In mixed blocks, both tasks were totally independent and answering to a stimulus of one task triggered the appearance of the next stimuli for that specific task. Furthermore, participants were instructed to perform both tasks as fast as possible without prioritizing one task over the other. They were also instructed to avoid grouping answers (i.e., voluntarily answering both tasks simultaneously). Comparing performances in the three types of trials provides important insight on how concurrent tasks can be performed. In fact, SP and SM trials of a given task require similar responses but were performed in different contexts and thus the difference in response time (RT) between SP and SM trials provides a task-set cost (TSC) assumed to reflect the ability to maintain different response alternatives in memory and to prepare answers to multiple tasks. A second performance index, the DTC, can be computed by comparing RTs in SM trials from those in DM trials. Both trials are performed in a context involving two concurrent tasks, but only DM trials actually require monitoring the two tasks simultaneously and not sequentially. DTC is thought to reflect the additional cost due to the synchronization of two concurrent tasks (Bherer et al., 2005; Schumacher et al., 2001 ). Program Schedule
The research protocol was completed within a 13-to 14-week period and was divided in three phases: pretraining evaluation, training, and post-training evaluation. Pretraining evaluation included neuropsychological assessment and computerized cognitive testing. Students trained in neuropsychology who were blinded to the intervention assignment administered all the evaluations. After, participants were assigned to the cognitive training or active placebo groups. Over a period of 12 weeks, participants from each group completed twelve 1-hour sessions in a room containing 10 computer stations. A psychology student supervised each session. Participants needed to attend a minimum of 10 sessions out of 12 to be included in the analysis (average session attendance was 11.8, 11.2, and 11.1, respectively for the heterogeneous, the homogeneous, and the active placebo). As for the post-training evaluation, participants once again completed the computerized cognitive testing within a week following the last training session.
Computer Training Interventions

Training Condition
Training sessions took place in groups of 4 to 10 participants. Participants in the homogeneous training group had to perform a number discrimination tasks (3, 5, or 8) and a shape discrimination task (circle, square, or diamond), both separately and concurrently, during all 12 training sessions [referred as Dual task A]. Participants in the heterogeneous training group also performed this dual-task condition, but only on the first, tenth, eleventh, and twelfth sessions. On sessions 2-5, they performed a dice discrimination task (2, 3, or 6 dots) and proportion discrimination task (1/3, 2/3, or 3/3 of a circle presented) [referred as Dual task B]. On the 6 to 10 training sessions, they performed a color discrimination task (blue, yellow, or red) and celestial bodies discrimination task (star, sun, or moon) [referred as Dual task C]. The present application of dual-task combinations across sessions was chosen so that (i) the heterogeneous group trained for four sessions on each of the three different dual-task combinations and (ii) the heterogeneous and homogenous training groups could be compared on the same task on the first and the last session of training in order to see whether the heterogeneous group could reach performances similar to the homogeneous group with less exposure to the task. Task instructions were administered by a trained student who did not participate in the pre-or the post-training evaluations. Within each training session, a participant responded to 144 SP, 480 SM, and 1,080 DM trials (1,728 SP, 5,760 SM, and 12,960 DM in total through the 12 sessions of training). Importantly, an adaptive continuous feedback on performance was provided during the DM block of the training sessions. Feedback took the shape of two bars that changed color (green, yellow, or red) to inform participants of their response speed. Each bar was associated to one task. Participants were asked to try to maintain the bars in the green zone and prevent them from turning red. The color of the bars was determined by the average RT on the last three trials' RT for the DM block compared with the median RT for the SM block multiplied by a factor of 1.5. In addition, feedback was provided at the end of the session, where participants were informed of the mean RT and accuracy achieved throughout the session (presented in a histogram without explicit values).
Active Placebo
The active placebo group received computer courses. Each session consisted of introductory exercises for computers and different software (e.g., Word, Excel), as well as an initiation to the Internet (search engines, websites, games, etc.). Active placebo sessions were held in groups of 4 to 10 participants and took place in the same computer room used for dual-task training sessions and lead by the same instructors. In some studies on divided attention training, dual-task training is compared with single-task training in order to control for exposure of the same specific tasks performed separately (Kramer et al., 1995; Liepelt et al., 2011; Strobach, Frensch, Soutschek, et al., 2012; Strobach, Salminen, Karbach, & Schubert, 2014) . However, it can be argued that single-task training is not engaging or stimulating enough and does not provide a feeling of progression (Boot, Simons, Strothart, & Stutts, 2013) . In response to this, Walton, Mowszowski, Lewis, and Naismith (2014) recommended that cognitive training studies use preferably sham trainings whereby clinician interaction and participant expectation effects can be reliably matched. We chose to compare dual-task training with a nonspecific intervention, more comparable with cognitively stimulating activities that older adults can naturally engage in. The active placebo intervention was also held in groups, on the same computer device, and in the same room in order to control for several factors such as the amount of interaction with the computer device, social interactions with other participants in the group, and exposure to a novel environment.
Transfer Conditions
At pretraining and post-training evaluation, a near and a far-modality transfer task was administered in this order. The two tasks were similar to the training procedure, except for a few aspects. First, they were shorter than the training condition (96 SP, 192 SM, and 120 DM trials for each task). Second, as those tasks were performed for evaluation purposes, no feedback was provided for speed in the transfer conditions. Third, the stimuli used in the transfer conditions were not used in any training dual-task combinations. The near-modality transfer condition involved visual stimuli and required participants to identify letters (A, B, or C) and arrows (left, right, or up). The letters A, B, or C were answered with the left hand by pressing the letter A, S, or D. The far-modality transfer condition involved two auditory tasks and consisted of identifying whether a tone was heard on the left or right side of the headphone and also identifying if a voice said "GO" or "STOP." Participants were wearing headphones and could adjust volume as needed. Auditory stimuli were heard during 500 ms.
Results
Dependent variables of interest were RT (in ms) and accuracy (in %). Incorrect responses were not included in the RT analyses. Trials were also rejected if RTs were shorter than 250 ms, longer than 3,000 ms for SP and SM trials, or longer than 4,000 ms for DM trials (1.0% of total SP trials, 0.4% of total SM trials, and 1.4 % of DM trials). Accuracy was calculated as a percentage of correct responses in each condition. Statistical analyses were performed with SPSS 20 on RT and accuracy using ANOVAs. Significant interactions between factors were decomposed with simple effects. In the case of a significant interaction with more than two levels of a repeated factor, repeated contrasts were used. An effect is reported to be significant according to the adjusted alpha level when required, that is when the Mauchly's test of sphericity was significant (SPSS, 1997). Effect sizes were also reported as eta-squared (η 2 ). For each of the three dual-task conditions (training and far-and near-modality transfers), there was no interaction between improvements on the two tasks performed simultaneously (left and right) and thus performances of the two tasks were pooled for each of the dual-task combinations. Accuracy did not differ between groups, vary during training, or change in the transfer condition from pretraining to post-training.
Training Analysis
Training data analyses sought to compare improvement in both heterogeneous and homogeneous groups. Performances on dual-task combination A were examined because both groups trained on this specific combination. The heterogeneous training group trained on dualtask combination A on the first session of training and on sessions 10, 11, and 12. Between sessions 1 and 10, they trained on two different dual-task combinations ( Table 2) . The homogeneous training group trained on dual-task combination A extensively during all 12 sessions. First, to see if one group improved more than the other we compared improvements, from the first to the last session of training. An ANOVA was performed with Training Group (homogeneous and heterogeneous trainings) as between-subject factor and Session (first and last session of training) and Trial Type (SP, SM, or DM) as within-subject factors. A main effect of Session indicated a significant overall improvement, F(1, 26) = 85.12, p< .001, η 2 = .77. A Session × Trial Type interaction was also observed, F(2, 50) = 15.23, p < .01, η 2 = .38. Repeated contrasts showed a significant reduction of DTC, 161 ms or 41%, F(1, 25) = 20.89, p < .01, η 2 = .46. The absence of interaction with the Training group factor suggests that improvement was comparable in both groups. Second, because the heterogeneous training group reached performances similar to the homogeneous group in only four sessions of combination A training instead of 12, we sought to compare the learning curves of both groups on their first four sessions of training on dualtask combination A. Figure 1 shows improvement in both training groups as a function of the number of sessions of training on dual-task combination A. As for accuracy, a main effect of Session was observed, 2.2%, F(2, 44) = 4.77, p < .01, η 2 = .18, and this improvement did not interact with the Type of Training (p >.05).
The same ANOVA was performed but with a modification on the Session within-subject factor (first four sessions performing on dual-task combination). A main effect of Session indicated a significant overall improvement, F(3, 75) = 42.06, p < .001, η 2 = .63. The Training Group × Session × Trial Type interaction, F(6, 150) = 3.42, p < .01, η 2 = .12, was significant. Repeated contrasts showed that the reduction in TSC was comparable among the two groups, but the reduction of DTC differed between training groups, F(1, 25) = 7.44, p < .01, η 2 = .23, being larger in the heterogeneous group (142 ms) than in the homogeneous group (10 ms). Independent analyses for each session showed that DTC was significantly smaller in the heterogeneous group than in the homogeneous group on the third session (respectively 245 ms and 346 ms, F(1, 25) = 4.06, p < .05, η 2 = .14) and on the fourth session (respectively 231 ms and 357 ms, F(1, 25) = 4.87, p < .05, η 2 = .16). Note that the mean DTC of the heterogeneous training group on their fourth session (231 ms) was only surpassed by the homogeneous group on their eleventh session (222 ms).
One last analysis on training results sought to compare improvement on tasks A, B, and C in the heterogeneous group. Heterogeneous and homogeneous groups differed not only with respect to variations of the training context but also with respect to the nature of the trained tasks. That is, the homogeneous group trained with dual task A, whereas the heterogeneous group trained with dual tasks A, B, and C. Therefore, we had concerns that dual task B or C might be harder than task A or would somehow lead to more benefits. To rule out this confound, an ANOVA was performed with Session (first to fourth), Dual Task (A, B, or C), and Trial type (SP, SM, or DM) as within-subject factors. A main effect of Dual task was observed, F(4, 78) = 85.12, p < .001, η 2 = .77. Bonferroni post hoc analyses showed that reaction time was significantly lower in dual task C than in dual task A, p < .01, or Dual task B, p < .001. Moreover, a Dual Task × Session × Trial Type was observed, F(12, 156) = 2.70, p < .005, η 2 = .17. Two-group comparisons indicated that learning curves for dual tasks A, B, and C were comparable, except that DTC improvement from the first to the second session was larger for dual task A than for dual task C, F(1,13) = 7.25, p < .05, η 2 = .36 (Figure 2 ).
Analyses of Transfer Conditions
Analyses were performed separately for near-modality transfer condition (visual) and far-modality transfer condition (auditory). Analyses aimed to determine whether heterogeneous training led to larger transfer effects than homogeneous training and active placebo. Moreover, within-session improvements were examined in order to determine whether the transfer effects took place between the pre-and post-training sessions or within the post-training session. ANOVAs were performed with Training Group (heterogeneous training, homogeneous training, or active placebo) as between-subject factor and Session (pre-and post-training), Block (first and last block of each session), and Trial Type (SP, SM, or DM) as within-subject factors. Note that because only one block of SP trials per hand was performed at each session, the same mean RT was used for the first and the last block.
Near-Modality Transfer Condition
A main effect of Session indicated a significant improvement from pretest to post-test sessions, F(1, 55) = 29.33, p < .001, η 2 = .35. This improvement was characterized by a Training Group × Session × Trial Type interaction, F(4, 110) = 3.18, p < .05, η 2 = .10. Repeated-contrast analyses indicated that TSC reduction was comparable among groups, while the decrease in DTC varied among groups, F(2, 55) = 4.14, p < .05, η 2 = .13. Figure 3 (top panel) shows task set and DTCs in the near-modality transfer task for each group at pre-and post-training sessions. Follow-up analyses showed that DTC significantly decreased in the heterogeneous group (28% or 110 ms), F(1, 13) = 9.79, p = .01, η 2 = .43), but improvement was only marginal in the homogeneous group (27% or 90 ms), F(1, 12) = 3.92, p < .071, η 2 = .25) and not significant in the active placebo group (1.8% or 6 ms), F(1, 30) = 0.64). With regard to within-session improvement, a main effect of Block indicated a significant within-session improvement, F(1, 55) = 50.95, p < .001, η 2 = .49. A Session × Block interaction, F(1, 55) = 4.66, p < .05, η 2 = .08, indicated that improvement was significantly larger within the pretraining session (55 ms), F(1, 55) = 38.99, p < .001, η 2 = .41, compared with the post-training session (29 ms), F(1, 55) = 17.57, p < .001, η 2 = .25. Also, within-session improvements were comparable among all three groups but were not comparable for all three Trial Types as shown by a Block × Trial Type interaction, F(2, 110) = 18.04, p < .001, η 2 = .25. Repeated contrasts showed that TSC significantly decreased (64 ms) within each of the two sessions (pre-and post-training), F(1, 55) =46.98, p < .001, η 2 = .46, whereas DTC did not significantly change, F(1, 55) = 0.02. This shows that while performance still improved in all three groups from the first to the second half in pre-and post-training sessions, dualtask coordination remained unchanged within sessions.
As for accuracy, no significant improvement was observed in any training groups. Accuracy was arguably high prior to training in the visual dual-task condition (SP: 98%, SM: 98%, and DM: 97%).
Far-Modality Transfer Condition
One subject was not able to answer more than 50% of dual-task trials correctly and was thus excluded from analyses. Four subjects were excluded because of hearing impairments (two in heterogeneous, one in homogeneous, and one in placebo groups). Figure 3 (bottom panel) shows task set and DTCs in the far-modality transfer task for each group at pre-and post-training sessions. Results indicated no main effect of Session nor any interaction between Session and Trial Type or Training Group. Concerning, within-session improvements, a main effect of Block indicated a significant improvement within sessions, F(1, 51) = 50.54, p < .001, η 2 = .49. A Session × Block interaction, F(1, 51) = 5.38, p < .05, η 2 = .10, indicated that improvement was significantly larger within the pretraining session (73 ms), F(1, 51) = 42.69, p < .001, η 2 = .46, compared with the post-training session (59 ms), F(1, 51) = 14.61, p < .001, η 2 = .22. Again, within-session improvements at pretest and posttest were comparable among all three groups but were not comparable for all three trial types as shown by a Block × Trial Type interaction, F(2, 102) = 12.00, p < .001, η 2 = .19. Repeated contrasts showed that task-task cost significantly decreased (90 ms) within each of the two sessions (pre-and post-training), F(1, 51) =36.32, p< .001, η 2 = .42, whereas DTC did not significantly change, F(1, 51) = 0.13. A significant overall improvement was observed in accuracy, +1.1%, F(1, 54) = 7.33, p < .001, η 2 = .12. However, this improvement did not interact with the Type of Training nor with the Type of Trial (p >.05).
Discussion
Variability of the training context has been put forward as a factor that could enhance transfer effects by allowing more context-free learning (Geusgens et al., 2007; Green & Bavelier, 2008; . In line with other studies investigating characteristics that make a cognitive training more effective (Brehmer, Westerberg, & Backman, 2012; Green & Bavelier, 2008; Kueider, Parisi, Gross, & Rebok, 2012; Richmond, Morrison, Chein, & Olson, 2011) , the present study was designed to examine whether dual-task training with a variable training context (i.e., heterogeneous training) would lead to larger transfer effects in older adults than a fixed training context (i.e., homogeneous training), in comparison with an active nontraining condition. Results showed that both heterogeneous and homogeneous trainings led to a greater improvement in the ability to coordinate multiple response-stimulus alternatives, indexed by DTC, than an active placebo intervention in a near-modality transfer task. Among training groups, only the heterogeneous training group showed significant improvement in multitask coordination, but the difference between the improvement in the heterogeneous group and the improvement in the homogeneous group was somewhat negligible.
Interestingly, the heterogeneous training impacted improvement during training sessions. Indeed, for an equivalent amount of training sessions with a specific dual task, the heterogeneous training group showed a steeper improvement than the homogeneous training group. It is likely that the heterogeneous training group was able to benefit from exposure to other various dual-task combinations of the same modality. This suggests that adaptive learning took place, supporting the notion that heterogeneous training better facilitates transfer effects and supports the notion that mere automatization cannot fully explain improvement induced by dual-task training (Hazeltine, Teague, & Ivry, 2002) . Like Strobach, Frensch, Muller, and Schubert (2015) have remarked, an improved switching ability might account for this adaptive learning. Overall, the present results show some slight advantages and no disadvantage of heterogeneous training over homogeneous training.
The present study also examined within-session improvement in pre-and post-training sessions transfer tasks in order to determine whether transfer effects would manifest early on in the post-training sessions or more progressively. Although participants did improve within the post-training session, improvement was specific to TSC, as DTC did not significantly vary within sessions. Therefore, considering that DTC did not improve within sessions and that transfer effects were specific to DTCs in the near-modality transfer tasks, our results suggest that transfer effects on DTCs induced by training takes place early on in the post-training session. Withinsession improvement is more likely to be associated with familiarization to the task because it is limited to task-set preparation and it is equivalent for trained and active control participants. To our knowledge, this is the first study to report on within-session improvements in transfer tasks after a cognitive training. It has been suggested that transfer effects require several exposures to the novel context as individuals need to recognize the similarities between the training and the transfer task in order to benefit from transfer effects (Daley, 2001; Geusgens et al., 2007; Rebok et al., 2007) . However, these results suggest that to some extent, dual-task training leads to immediate improvement. Although dual-task training can also involve explicit strategies (e.g., consciously distributing different amount of attention on the two tasks), it still largely relies on learning implicit executive control skills through extended training (Lustig et al., 2009 ). Thus, process trainings, such as dual-task training, might allow for rapid manifestation of transfer effects without the need for prolonged exposure to novel tasks. These results seem to be in agreement with proposed explanation of task coordination skills enhancement, according to which improvements come from an optimization of a skill like the capacity of switching or the efficiency to instantiate relevant task information in working memory (Strobach et al., 2014) .
This study presents some limitations that need to be addressed in future studies. First, we did not control for the nature of each specific dual-task combination. It is possible that dual tasks B and C lead to potential benefits that were not as important as those of dual task A (e.g., dual task B or C would be harder so that participants from the heterogeneous training group improved to a greater extent because they were exposed to that specific task). However, results showed that learning curves were roughly similar for the three different dual tasks. If anything, participants' improvement was slightly smaller for dual task C as reaction time was overall faster on that task compared with the two others. This might also be related to the fact that this task was the last to be trained. Be that as it may, the present results do not suggest that one dual-task set was harder or would lead to greater benefits than the others. Nevertheless, future studies should include different control groups that would train on each of the dual-task combinations that are included in the heterogeneous training. Second, no far transfer effects were observed in the present study despite previous similar studies observing so (K. Z. Li et al., 2010; Lussier et al., 2012) . Such inconsistencies have been observed in the cognitive training literature. For example, Jaeggi, Buschkuehl, Jonides, and Perrig (2008) found that a working memory training improved scores on a verbal abstraction test (i.e., the Raven Progressive Matrices Task) and Karbach and Kray (2009) found that task-switching training improved performance on inhibition, working memory, and verbal abstraction tests (see also Chein & Morrison, 2010; Mackey, Hill, Stone, & Bunge, 2011) . Yet, several studies failed to report transfer effects despite using similar procedures (Owen et al., 2010; Redick et al., 2013) . One explanation for the lack of far transfer effects in the present study is that the identification of sounds coming from left or right while pressing on spatially concordant keys might be overlearned and would therefore not benefit from short-time transfer effects. Indeed, limited benefits on DTC have been observed from dual-task training in tasks that are highly practiced (e.g., red/green "stoplight" discrimination; Allen et al., 2014) .
The original contribution of the present study is to show benefits of heterogeneous training on transfer effects in older adults. Within-session improvement was also addressed in the analyses. Heterogeneous training could be used to improve motivation and retention of participants through less repetitive training designs (Green & Bavelier, 2008; Vygotsky, 1978) . Indeed, heterogeneous training might present a good opportunity to give some control to the participants over their training as they could freely change the stimuli presented if they feel compelled to break the routine. It would be interesting to study participants who have been allowed to vary their experience without altering the core structure of the dual-task training as it has been shown that motivation in trainees can be increased if they are invited to self-regulate some aspects of the training (Merriam & Leahy, 2005; Salas, Tannenbaum, Kraiger, & Smith-Jentsch, 2012) . Moreover, one strength of the present study was the use of an active placebo intervention group to control for factors such as the amount of interaction with the computer device, social interactions with other participants in the group, and exposure to novel environment.
To conclude, the results of the present study suggest that dual-task training led to a greater improvement of the ability to coordinate the execution of multiple psychomotor tasks than an active placebo. However, variability in training context (i.e., heterogeneous training) had limited benefit on transfer effects in older adults. Further studies are required to extend these findings to broader transfer conditions and to investigate whether more frequent variations of the training context (e.g., training on three different tasks within each session) could help further enhance transfer. Another potential future avenue of investigation would be to investigate whether greater variations in training context beyond the laboratory context, using a more ecological condition such as walking while performing a cognitive task for instance, could also favor broader transfer effects.
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